Purpose Meniscus repair can restore meniscal function that transfers the axial compressive force to circumferential tensile strain. However, few reports have investigated the relationship between concurrent meniscus repair with acute anterior cruciate ligament (ACL) reconstruction and postoperative meniscal position. This study aimed to evaluate medial meniscal size and clinical results in patients who underwent ACL reconstruction and concomitant all-inside medial meniscus repair. Methods Twenty patients underwent ACL reconstruction and concurrent medial meniscus repair of a peripheral longitudinal tear using the FasT-Fix meniscal repair device. Medial tibial plateau length (MTPL) and width (MTPW) were determined by radiographic images. We evaluated the Lysholm score, anteroposterior instability, meniscal healing and magnetic resonance imaging (MRI)-based medial meniscal length (MML) and width (MMW). Correlations between MRI-based meniscal size, radiographic measurement and height were investigated. Results All patients showed complete healing of the repaired meniscus in arthroscopic evaluation. However, one patient needed a subsequent meniscus repair during the follow-up period. Lysholm score and anteroposterior instability improved significantly. A better correlation was observed between MMW and MTPW than between MML and MTPL. Concurrent all-inside medial meniscus repair with ACL reconstruction significantly increased MML percentage (%MML) (100 MML/MTPL) but did not affect MMW percentage (%MMW) (100 MMW/MTPW).
Introduction
Meniscal sizing is important in evaluating meniscal damage, extrusion, movement and tibial plateau coverage by the meniscus [1, 2] . Pre-operative size matching of the meniscus is also critical for successful meniscal allograft transplantation [3] . Meniscal sizing is currently determined by measuring a combination of outer meniscal margins obtained by magnetic resonance imaging (MRI) and radiographic bony landmarks [4] . However, the literature includes reports on sizing inaccuracy resulting from difficulty in differentiating meniscal margins, radiographic errors in magnification and incorrect identification of bony landmarks [4, 5] . Furthermore, the transverse, sagittal and coronal planes of the knee on MRI often vary with each patient and MRI scan. No standard protocol has been established for comparing pre-operative and postoperative meniscal sizes in the same patient. Therefore, we invented a simple MRI-based meniscal sizing technique without using an additional image analysis workstation.
Peripheral longitudinal tears of the medial meniscus are commonly seen with acute anterior cruciate ligament (ACL) injuries. This type of tear is asymptomatic, and many of these tears could heal on their own without repair [6] . However, the conservative treatment of peripheral stable meniscus tears is less effective for the medial than for the lateral meniscus [7] . Several authors report that repair of peripheral medial meniscus tears decreases the risk of postoperative knee pain and subsequent arthroscopic salvation in ACL-reconstructed knees [7, 8] . In addition, medial meniscus tears are often associated with chronic ACL insufficiency and can be degenerative or nondegenerative, depending on the severity of instability. Typical tears in the posterior third of the medial meniscus can extend with additional giving-way episodes and eventually become "bucket-handle" tears [9, 10] . Based on these reports, we performed concurrent meniscus repair with ACL reconstruction to achieve complete healing of stable longitudinal tears of the medial meniscus. However, MRI examination and clinical assessment are not reliable to determine meniscal healing, and second-look arthroscopy is the most dependable method [11] . Thus, we arthroscopically evaluated the healing status of the repaired medial meniscus in ACL-reconstructed knees.
Repaired or healed meniscus can restore meniscus-tofemoral condyle congruity and its biomechanical function that transfers the axial compressive force to the circumferential tensile strain in the knee joint. However, few studies have investigated the relationship between concurrent meniscus repair with ACL reconstruction and postoperative meniscal position. All-inside repair for lateral meniscus root tear improves posterior meniscal extrusion on the MRI sagittal plane but does not significantly reduce radial meniscal displacement on the coronal plane in ACLreconstructed knees [12] . We hypothesised that sutured repair of the longitudinal medial meniscus tear on the posterior segment might affect medial meniscal length (MML) and width (MMW). In this study, we investigated pre-operative and postoperative MRI-based medial meniscal size in patients who underwent ACL reconstruction and concomitant medial meniscus repair.
Methods
Between July 2009 and December 2011, 23 knees in 23 patients (24 %) among 97 consecutive ACL reconstructions had a concomitant medial meniscus repair of a peripheral longitudinal tear in the posterior segment. Of those patients, 20 (87 %) underwent second-look arthroscopic evaluation of the repaired menisci and were followed up for a mean of 24 (range, 12-41) months. Second-look arthroscopy was performed postoperatively at a mean of 14 (range, six to 26) months. In all patients, MRI scans were examined before primary surgery and second-look arthroscopy. Medical records were reviewed retrospectively to examine age, sex, height, body weight, clinical findings, Lysholm score [13] and MR images. A side-toside distance in the KT-2000 arthrometer measurement at 134 N was adopted as a parameter in the anteroposterior (AP) stability assessment. This study received the approval of our Institutional Review Board, and patients gave their informed consent for this research; eight patients were men and 12 were women, with a mean age of 19 (range, 15-38) years. All injuries were sustained during sports activities. Mean timing of ACL reconstruction was six (range, one to 36) months after injury. Patient demographics are shown in Table 1 .
Surgical procedure, postoperative care and second-look arthroscopy
Peripheral longitudinal tears of the medial meniscus included partial-or full-thickness, simple longitudinal tears ≥1 cm in length located in the outer one third of the posterior segment. Medial meniscus longitudinal tear was measured by an arthroscopic probing, and mean tear length was 1.4 (range, 1.0-2.5) cm. Minor degenerative changes of the medial meniscus posterior segments were observed in five patients. Medial meniscus repairs were performed using the FasT-Fix or Ultra-FasT-Fix all-inside meniscal repair system (Smith & Nephew, Andover, MA, USA). Vertical sutures were placed across the tear of the medial meniscus (mean, 1.9; range, In cases in which STG autografts were used, fixation was achieved using an Endobutton or an Endobutton CL (Smith & Nephew) on the femoral side. BTB grafts were fixed by an Endobutton on the femoral side. Graft fixation on the tibial side was performed using a Double Spike Plate and a screw (Meria, Aichi, Japan). Postoperative rehabilitation protocols were similar in all patients. All patients began knee-motion exercise and partial weight bearing at two weeks postoperatively. Full weight bearing was allowed at one month, and running was allowed after five months. Return to competitive sports was allowed at eight months. Meniscal healing status was assessed by second-look arthroscopy and was performed in patients who wanted plates and screws removed. Plates, screw heads and knots sometimes induced pain in the lower leg in a specific sitting position with maximal knee flexion on a floor. In our hospital, patients who underwent ACL reconstruction usually wished to have these implants removed rather that recommendation by us. The repaired meniscus was confirmed as completely healed if all of the following criteria were met: (1) smooth surface of previously repaired sites on the tibial and femoral sides determined by overall observation; (2) no cleft detected at the repaired sites by probing; (3) good stability for the repaired sites determined by pulling with a probe [11] . Otherwise, we diagnosed the repaired meniscus as incompletely healed or unhealed.
Measurement of bony landmarks and medial meniscal sizes
Medial tibial plateau length (MTPL) was measured from the maximum AP dimension of the medial plateau in a radiographic lateral view [14, 15] . Anteroposterior radiography was used to measure medial tibial plateau width (MTPW) by obtaining the distance from the medial margin of the tibial plateau to the peak of the medial intercondylar eminence [14, 15] . Imaging evaluation was performed using an Achieva 1. 
Statistical analysis
Linear regression analysis was used to assess correlations among indicated values. A good correlation is represented by R 2 ≥0.65, fair correlation by R 2 ≥0.50, and poor correlation by R 2 ≤0.50. The Mann-Whitney U test was used to study the effects of variables with two categories. Data are presented as the mean±standard deviation (SD). Significance was set at P <0.05.
Results

Clinical and second-look arthroscopic evaluations
All 20 patients showed complete healing of the medial meniscus tear in the second-look arthroscopic evaluation. No physical signs such as knee-joint swelling, joint-line tenderness, locking or a positive McMurray test result were observed at the time of second-look arthroscopy [19] . However, one patient (5 %) had a clinical symptom of meniscus tear at 27 postoperative months. This patient had a minor degenerative change in the posterior segment of the medial meniscus at the time of ACL reconstruction. In the primary surgery, two vertical sutures were placed across a peripheral longitudinal tear (1.5 cm) with the FasT-Fix. The repaired medial meniscus had good stability on probing. Complete healing of the repaired meniscus was observed by a second-look arthroscopy at 13 months. Satisfactory clinical outcomes were obtained at 24 postoperative months. Lysholm score improved from 58 to 90. A difference in the KT-2000 measurement improved from 5 to 1 mm. A subsequent medial meniscus repair was performed using the FasT-Fix 360 (Smith & Nephew) at 30 months. Mean Lysholm score was 60.1±4.7 (range, 52-68) before ACL reconstruction, and improved to 93.1 ±3.1 (range, 88-98) at the final follow-up examination (Table 2) . Mean side-to-side distance in the KT-2000 measurement was 6.1±2.2 (range, 3-9) mm before ACL reconstruction and decreased to 1.2±0.7 (range, 0-2) mm at the final follow-up examination (Table 2 ). Significant differences between pre-operative and postoperative values were observed in these items (P <0.001, Table 2 ).
Correlations between the MRI-based medial meniscal size, radiographic measurement, and height Concurrent medial meniscus repair with ACL reconstruction slightly increased MML from 42.2±2.8 to 43.6±2.8 mm, but no significant difference between pre-operative and postoperative MML was noted (P =0.072, Table 3 ). However, postoperative %MML (100 MML/MTPL) was significantly increased from 89.8±3.7 to 92.8±4.3 % by concurrent allinside medial meniscus repair (P = 0.014, Table 3 ).
Meanwhile, MMW and %MMW were not affected by medial meniscus repair associated with ACL reconstruction (P = 0.489 and 0.476, respectively; Table 3 ).
Discussion
Stable peripheral longitudinal meniscal tears with acute ACL injury can heal without tear extension in 58-69 % cases [6, 20] . However, in a systematic literature review, stable medial meniscal tears left in situ during ACL reconstructions result in the high prevalence of failures, such as residual pain and subsequent meniscus repair (or partial meniscectomy) [21] . In our study, FasT-Fix all-inside meniscus repairs showed complete healing of simple longitudinal medial meniscus tears on second-look arthroscopic evaluation in 100 % of cases. However, during the followup period, one patient (5 %) underwent a subsequent medial meniscus repair at 30 postoperative months. DeHaan et al. [22] report that FasT-Fix all-inside repair of unstable longitudinal medial meniscus tear showed a high failure rate (22 %) at a mean of three postoperative years, especially repairs for tears in the red-white zone of the meniscus (80 %). Taken together, a repaired meniscus may be inferior in holding various mechanical stresses in the mid to long term. Although second-look arthroscopy is the most dependable method to determine meniscal healing [11] , abnormal hypersignals are present on MRI examination ten years after meniscus repair using FasT-Fix devices [23] . A follow-up study is required to determine the long-term healing status of repaired medial meniscus in ACL-reconstructed knees. Meniscus-to-femoral condyle congruity is essential for the development of circumferential hoop stresses and meniscus function. To restore the physiological relationship between femur, meniscus and tibia, accurate positioning of the meniscus based on precise meniscal sizing is critical in meniscus repair and replacement [24] . Several variables, such as patient height and weight and radiographic measurements of the medial tibial plateau are considered good candidates for determining medial meniscal size [25] . Height has linear [15] . In our study, height had a poorer correlation with MML than with MMW preoperatively and postoperatively. These findings suggest that anteroposterior MML might be more varied than MMW. In addition, MML might not be predicted accurately from height, skeletal size and sex. Thus, we used %MML to evaluate the change in MML in concurrent medial meniscus repair with ACL reconstruction.
Our results demonstrate that postoperative MML slightly increased did not significantly change following concurrent meniscus repair with ACL reconstruction (Table 3 ). In addition, medial meniscus repair did not affect MMW and %MMW (Table 3) . We consider that the FasT-Fix all-inside suturing device satisfactorily healed the peripheral longitudinal tear of the medial meniscus without inducing excessive posterior and radial shifts of the repaired medial meniscus. However, %MML was significantly increased by the all-inside medial meniscus repair concomitant with ACL reconstruction (Table 3) . ACL insufficiency allows anterior translation of the tibia. Abnormal anterior tibial translation influences the anatomical relationship between the femoral condyle, meniscus and tibia [26] . Thus, an ACL-deficient knee may induce excessive posterior shift of the medial meniscus posterior segment via abnormal tibial anterior sliding. In our study, MML measured on preoperative MRI might already be elongated by the anterior tibial translation force. If so, an all-inside suturing device might excessively stabilize the posterior segment of the medial meniscus. We consider that concurrent repair of the medial meniscus tear on the posterior segment would restore medial meniscal position in ACL-reconstructed knees. However, difference in timing of postoperative MRI examination would affect the MRI-based measurement of MML and MMW. Further investigations are required to determine precise meniscal length, width and position in ACL-deficient knees that have no medial meniscus injury.
In conclusion, concurrent all-inside medial meniscus repair with ACL reconstruction resulted in complete healing of the meniscus at second-look arthroscopy and had satisfactory clinical evaluations; MRI-based MML was slightly increased, and postoperative %MML was significantly increased without affecting %MMW. Our results suggest that medial meniscus repair associated with ACL reconstruction may restore medial meniscus function by adjusting the position of the torn medial meniscus in ACL-deficient knees.
